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Adult Intestine (A) Digestive tract orientation in the fly. (B) Anatomy of the digestive tract. (C) 
General cellular composition of the digestive tract.
Conclusions:
• Our results indicate germfree males are more aggressive than conventional 
germ filled males as measured by a key aggressive pattern, the lunge.
• Germfree flies fight continuously, and preliminary results show that their 
OA null counterparts do not. 
Future Directions:
• If OA is required for the increased aggression in germfree males, we will 
use RT-qPCR to quantify OAβ1R gut expression in germ-free and control 
flies. 
• Previous work done by Certel et. al. has shown that OA-null mutants lunge 
less and court more than controls. We are currently recreating this data set 
in germfree flies. Preliminary data suggests that germfree OA-null mutants 
court less than conventional OA-null mutants.
• We are quantifying differences in OA receptors in the brain and in the gut.
• We will quantify OAR expression in the male gut for both “winners” and 
“losers” to test if dominance formation contributes to OAR expression 
Acknowledgements:
The gut of an organism is home to a complex community of bacteria, fungi, and 
viruses that collectively make up the gut microbiome. The prevailing hypothesis is 
that changes in the microbiome are communicated to the brain and impact 
behavior. Work in the Certel lab using the model organism Drosophila 
melanogaster has recently determined that a subset of octopamine (OA) neurons 
innervate the gut and the crop (a food storage sack similar to the stomach). OA is a 
neurotransmitter and neuromodulator expressed in the nervous system of 
invertebrates. OA is required to promote aggression and inhibit male-male 
courtship. Here, we examine the brain-gut OA circuitry and are investigating how 
the activity of this circuit is altered by the insect microbiome. 
Experiments in this project are testing 
whether eliminating the gut microbiome 
leads to changes in male aggressive and 
courting behaviors.
Behavioral Patterns:
Preparation of sterile (axenic) media, embryo collection, & 
dechorionation [2]
1. Propionic acid, Tegosept, and tetracylcine (antibiotic) were 
added to autoclaved food in sterile vials.
2. Embryos were dechorionated using bleach, rinsed, then placed 
in sterile media.
3. After 3 generations on the germfree diet, the flies are germfree 
and move onto verification.
Germ-free Verification
Behavior data from:
• Experimental: Germfree Canton S
• Control: Canton S 
(A-D) Number of lunges of experimental flies compared to controls. Mann-Whitney tests were 
conducted in (A-D) to determine statistical significance. Error bars denote S.E.M. * equals 
p≤0.05, ** equals p≤0.01, *** equals p≤0.001
Embryo collection apparatus.
Aggression 
Chamber
A key aggressive pattern in males
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a. latency to lunge
b. lunge number
c. wing threats
d. courtship
I. Miguel-Aliaga, H. Jasper, and B. Lemaitre, 2018 [1]. 
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(A) Control and germfree fly homogenates plated on 
BHI agar for 72 hours. (B) 16S PCR. 1) DNA ladder 2) 
negative control 3) positive control, 4) germfree fly.
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(A-D) Number of lunges of experimental flies compared to controls. Mann-Whitney tests were 
conducted in (A-D) to determine statistical significance. Error bars denote S.E.M. * equals 
p≤0.05, ** equals p≤0.01, *** equals p≤0.001
Behavior data from:
• Experimental: Germfree Octopamine null  (𝐓𝛃𝐡𝐧𝐦𝟏𝟖)
• Control: Germfree controls  (𝐓𝛃𝐡𝐦𝟔)
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No dominance relationship established
Males were isolated in glass vials.
Two size and age-matched (3-6 days)
males were introduced into the
chamber.
Still Images of lunge 
Germfree fly homogenates 
do not grow bacterial 
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bacterial DNA
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Dominance relationship established
Control males form 
dominance relationships
Winner: gets the territory
Loser: retreats
Germfree males continue 
fighting.
Wing extension
OA Neurons
OAβ1R-Gal4
Muscle cells
Males were tested to observe 
their innate aggressive 
behaviors
Preliminary results 
indicate that germfree OA 
null mutants form a 
dominance relationship.
Dominance relationships 
form with:
OA + gut microbiome
Could microbes be influencing behavior through the 
octopamine system?
Germfree flies lunge more than controls while other 
behavioral parameters are not significantly different
Octopamine:
• OA balance is important for aggression and 
courtship
• OA neurons innervate the gut
• OA receptors are expressed in the gut
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We are building a data set 
that will answer the 
question:
Is OA required for 
continuous fighting? Octopamine neurons and receptors in the gut. Left: OAβ2R expression in midgut cells. Center: 
OAβ1R expression in enterocytes in the midgut. Right: OAβ1R neuron innervation in the anterior 
midgut and crop.
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